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Low oxygen franemlEsIve film. 



f A low oo^an transntisslvB film combination 
having a substrate wMi a surface having a 
surted free eneigy at least about 35 
dynes/cm, a prirtier coating on on© or both 8ldas 
and an oxygen tiansmlsstve inha>iting layer of a 
ciDss4inked polytvirvlalGahal} on one or botil 
primar layers. 
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ThFs invention related to Ci flexible, multilayer fBrn 
combination having !ow transmissive charactorfstics. 

Certain polymeric films employed for the packag- 
ing of foods inheienfly pemilt the transmission of 
o^^gen from the outside of the fBm to the inside of a 
pack^B made up of the film. Such ingress of oxygen 
pemiils rapid deteriOFadion of foods packaged in such 
a oontainer; therefors its fusion or coffirel Is des- 
ired. 

It Is an object of the present invention to decrease 
the Gocygen transmission ratfi of such fSms. 

In accordance virfth the present invention, thane is 
provided a fSm oomblnafion which comprises a 
polymeric sut^strate susceptible of transmitting 
OT^an, at least one side thereof having been treated 
to a suiface-^e energy of at least about 35 
dynes/cm, that side ha^ng a primer ooating thereon: 
and, on the primer coalSng, an oxygen transmission 
inhibiting layer compri^ng a cross-iinted 
poly(vinyla1cohol). 

If desired, one side of the film has a heat seal 
layer thereon, suitable an acryfic E^r. 

The present invention also relates to a process fat 
the preparation of a [aw/ oxygen transmfesive film 
combinaEtion wtUch comprises providing a polymenc 
etAstratofIIm;ti6aBngat1east one surface thereof so 
as te have a surface fiee energy of at teast 35 
dynas/cm; applying a primer coafing to at least one of 
the treated swrfacaa; and applying a poly (vinyl 
alcotiol) and cross-linldng composition to at least or« 
pritned surfiEice, The polymeiio substrate fBm is pref- 
erably oriented, espedally biaxIaDy oriented. 

The substrates contemplated her^ include any 
polymeric film substrate oriented or unorfented which 
Ihheiendy pennnt& tbd transrrvssion Of oxygen and 
Wherein tlie utn^ of such film would call lora mi^Tmn 
zaiion of the tranemteston of oxygerL In most ca^^s, 
the SQuroe of the oxygen ^erred to her^ is atmo»* 
pheric oixygen. While nylon, polyet^ene terephtha- 
late and polycartonate films are contemplated herein, 
a particidariy pref^tf dass of tarns are the potyoie- 
Uns. Within the potyotofin dass. homopolymers and 
copdymeis of propylene are preferred* Particularly 
prefsTTOd are isotadic polypropylene containing at 
least ao% by weight of isotactlc pdyprDpyiene. The 
preferred base substrate layer can be homopdyp' 
ropylene havlr^ a meSIng po w range of ftom alwut 
32r-336F>F. AcommerciaOy available materiad of this 
description is ARCO W472* The preferred sutsstrata 
can also be coextruded with a thin skfei layer, on one 
or both sides, comprising from 2 to 12% of the total 
thickness, of a copolymer, suitably -a random 
copolymer, of propylene and another olefin, e.g., 
ethylene or hufene-1. The other olefin can be present 
in the oapolymer en an amount from 1 to 7 wt%. 

in oiderelfecfively 10 Inhibittheamount of 0)Qfgen 
irensmilted through the base layer, ihe base layer 
must be 1} treated to a surface free energy of at lease 



about 35 dynes^cm, 2) have a primer coating applied 
tiier^, and 3 ) a coating of an oxygen tranen' 
inhibiting layer of a cross-linked poly(vinylal;»ihol) 
applied thereto. 

5 The preferred substrate must be properly prep- 
ared to receive tfie primer layer fcdlovwed t>y the i>'OSS- 
linked poIy(vinyla]GohoQ. This proper tresitinent 
kivolves treating the surface to aaurface ten^ i i evel 
of at least 35 and prefsrably from as to 45 dyn^s/bm 

10 h accordance with ASTM Standard D2978-8.k The 
treatment can be fame Ireatmenti plasma treairnent. 
chemical treatment or corona discharge treaiment 
Flame treabnent and corona discharge treatmEiritare 
preferred with corona discharge treatment beir g par- 

15 ticulaily preferred. 

Comrrenaally avaiable ooituia dischange treaV 
mept equpment can be obtained from Solo Sy: sterns. 
Incp Qariandp Texas; Corotee Corporafion Coi- 
Gnsville, Connedicuc Softal EleetrorticSk KariKiurgi 

£0 W. Gemiany; and other. Using, for examFAe^ Softal 
Bsctnmlcs equlpmeirt, a treatBr can have an siir gap 
of about 0.050 in. When treating polypropyfene fi^mof 
about 0^ mils. The fBm can be treated to 42 to 44 
dynes/cm. 

25 After this treatment, a suitable primer nr^tiirial Is 
coated onto the treated surface; 

Preferred prmier materiads are those £sclc s<2d in 
U.S. i>etent 4»564,55d. These include a prbntio* pro- 
duced by condensing a monoaldehyde with ^mii intar- 

30 pdlymerof acrylamlde ormethacrytamlde and &t least 
one other unsaturated monomer. Further IndL d sd Is 
a materia resulting from condensing eminoeic 3 Ayde 
with acrytamide ormethacrylamide arid subsecuBntty 
intsrpolymsrtzlng the cortdensation product i/jlh at 

ss least one other unsaturated monomer in the prstssnce 
of a to Oft aOcanoL A pr^ierTed primer caetlrrj resin 
of this type comprises a cop^ymar oontamlnsi up to 
30% by weight of styrene, up to 80% by weight df an 
all^ acrylate, up to 15% by weight of meOiaciy icacid 

40 and S% to 25% by weight of aciylamlda whiirJ^ has 
been ewvlensed witft a solution of formaldehycte m n- 
bulanor containing from 0.2 to 3 equivalents ofi □ .tobI- 
dehyde for each amide group in the copcilvmer. 
Another primer resin of this type cs a 50% soli 1 solu- 

45 tion Of a copolymer rearn containing 38.5 p iits of 
sfyiene, 44 parts of ethyl acryiate* 2.5 parts of ethac- 
lyfic. acid and 15 parts of acrylamlde which imis be 
condensed wlffi 5.2 parts of ftxmald^yde in r t-bula* 
nol. 

so A particularly pnsf^ed primer material -far the 
stmchire contemplated herein has been f6unt:l to be 
poly(elhylendntine). The Wne primer provii tes an 
overall adhesively active surfece for thorouriih and 
secure bonding with the subsquentfy applied cross- 
es linked pQly(viny]3lcQhol). It has been Ibund (hat en 
effective coating solution oonoentratlon :)'J the 
potyCethyisneimine) applied from either aqu6 cius or 
orgarno solvent media, such as ethanoli is a £ alution 

2 
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comprising ^oui OlI to 0.6% by vreight of the 
poly(etfi^eneiinine). A commerciatty available ma- 
tenal of tftie type 1& known as Polymin P. a pRMbictof 
BASF-Wyandotte Coipamtion. 

Another particular^ preferred primer malerial is 
the raactfon product of an ^oxy re^n with an acidified 
aminoefhylated v^nyl polymer. Tlie contemplated 
epoxy rdsins are glyddyf eth^ of polyhydioxy omv 
pounds, Typicai polyhydroxy compounds which may 
be uBod indude bisphenol A, rfng-eubstltuted bis- 
phenol A, reeordnol, hydroquinone. phenol^^omtal- 
dehyde. Novolac resins, aliphatic dids, such as 
ethylena glycd» propylene gfycoi, 1. 4-butanediol, 
1«6-hexane^ol. glyceroli lower alky! hydantoine or a 
mixture thereof. The prefeired epoxy raslns of the pre- 
sent Invanfion are those made the glycidaiion reao- 
tion between epic^lcrohydrln and bisphenol A Epoxy 
resbis of this typa are oomnmnly olassiTted tiy their 
epoxy equivalent weight (EEW) which is defined by 
the might of re^ in grams which contains one gmm 
equivalent of epoxy groups. Resins wifh an ffiAf 
rangb^ fton 170 to 280 may be used in the present 
invention, but fiie prdiened range Is 180 to 210. 

Although the epeclffc structure of the epoxy resin 
is' not cr^cal to the primer employed in the present 
inventlonp important considaraflons in the sdeclion of 
the apoxy resin ravolve amund its physical state- For 
example, it must be Uquid and capable of being readly 
dispersed or di&sdved wish the second componentor 
curing agent as described herelnbelow. If the Bpwsy 
resin \b of low visco^, it may be stSmed directly mta 
second compament, iLe., curing agent however, it is 
prefen-ed to enploy the epcxy resfri in an aqueoua 
amnion. 

The second component in the epo^ primer 
corr^ositkin of the present Invention Is an amino mod- 
ified acrylic polymer whth is water sduUe. This 
polymer is a curing agent for the epoocy compound, 
the piefenred mateiiai is described in a8. Patent f4o. 
3,719,829, the diadoeure of which is rncorpcrated 
herebi by raference. Thfd material may be genericaily 
described as an acidified aminoethyfated fnKer- 
polyrrer having pendent aminoaikylate graups. This 
material is produced by polymerizing acrylate, 
melhaciylate. slyrene or other suitable monomers w3h 
suflTcaent meihacryfcc or acrylic acids to give a -COOH 
content of 73 to 12.5%. Solvent polymerisation 
techniquesaie prefened. The polymer id then reaclsd 
with ethylenKmine moixiiner and acidified w&h hyd- 
rochloric aCid 10 render the polymer wafier-eduble. 

In one embodiment of the present invention, a 
liquid epoxy resin Is emulsified in a sohifon of the cur- 
ing agent by rapid stirring, the resultant dspersion is 
dOuted with water to the deseed concentration for 
coaUng, usually from 2 to 2Q% sc^ids. When mixing 
the epoxy resin with the curing agent, it Is generally 
piefen'Od to use a stochiometric equivalent balaoca of 
epoxy and amine groups. Hcwever* it has been found 



that the stochiometric ratio may be varied a j^ijr a wide 
range* ftom 1 ^xny to 3 amine groups ihrcnjgh 3 
epoxy groups to 1 amine group. Any of the a I90V6 des- 
cribed primers can be eihploy^ in the lang a of o.oai 

5 lD3.5g/mia, 

The poJy(v!nytalcchol) emplayad herein can be 
any commercially avaSable material. For c^xample,' 
ELVANOL 71-30, an E L duPonl protlLcL The-' 
p<^y(vinyIa!cohol) coa&ig solution is prepai s J by dis- 

10 solving the polymer in hot water, cooling and mixing 
both wfth a suitable oross-iinldng agent ar d an acid 
catalyst. The orcss-Hnldng agent can b& a ruislamlne' 
or urearformaldehyda resin. Commerdaqy ^ivaDaUe 
crass-nnters stso woirfd mdude PM^l 613, a 

IS methylated melamine tbimaldahydo; CYMisL 373. a 
methylated melamBie ^bnnaldehyde^ CYM£L401« a 
trim^hyiol mel^nine urea finmaldehyde, ^yoxal or 
borax. An acid catalyst, e.g., ammonium sulfate, 
ammonium Ghionde» siifwc acid, n bic acid 

20 ammonium nitiate iM effectively cataiyae tih'dse sys- 
tems. 

Cioss-linidng is carried out to ni«ikB the* 
polyCvlnytalcohoO less moiBbirB senahhrn but it is 
essenfiai that tl«i dbes noi occur before t^ie coafing 

25 weight is applied and evenly distributed. TTiis is effec- 
ted by makjng up the aqueous solution SO tl rt^ the inn 
tiei ooncanfFaflon Is too low this occur but as drying 
occurs, the concentmtion incrsaees and tiv> rate of 
cvoss4inklng is heightened. 

30 Suitable concentiations have been found to ba 
fcmt 1 to 10, prsfiBiablyfrDniAtD 8wt% of ftie solution 
belrig pdymer plus cros^Jinking agent plu!) catalyst 
If the solMs content is tnghert the solution fceoomea 
too vBGOus: if lower, good wafer rasistaj ce is not 

35 obtained. From about5% to 30%, typically 1 S% cross- 
linking agent is used with from Q% to 7^<t typically 
2% of the acid cssalysL A preferred tormulMton com- 
prises the following solids corrtent: wt% 
poly(vlnylalcohoI): 12.3 wt% methylaled melamine 

40 lormaMetvda; and 1.7 wt% ammonium chloride 
(NH4.GO- 

The aqueotis po^tvlnytsaoohdl} schition was 
prepared by dissolving sufficnent ELVANOL 71-30 In 
hot water to fomi an 8 wi% solution whteh i>va3 then 

4S cooled. To this solution was added a20 wt^ii) .^eous 
melamine fbrmaldehyde solution and .1 5 wt% 
aqueous ammonium chloride solution to pixvlds fhs 
pr^fenred fwrnulatlon recited above. TTie crijus-dnked 
poly(vinylalcohol}cant)B presentinfinam0.2'.to3g/^. 

eo The cross-linked pc^y(vinylelcahol} niay be on 

one, or on both sides, of Hie 

eXftMPl-£ 

55 A homopclymer pdypropylene core :i5 coext- 
ruded with skin layers of an ethylene-fffop W^"^ 
dom copolymer. The rartdom copcdyme* contains 
approximately 3-5% by wajght of ethylene. The ext- 
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luded film is biaxiairy orfdnted to 4-5 times mactiine 
dkection and 7-1D times traverse db'ectioFT to yield a 

film hevJns a, thickness of flpprxnamately 1 mil. The ■ 

' ttilcKniess of bie sidn layers is appr&ximately'"12% of . 
the fttm and sre approximately of equal Qilcknass, 

- ThKS fiEm combinatkm b corona dischai^ge treated in 
accordancse wiih oommon^employed prior art techni- 
ques Id produce a eurilace with a wetting tension of 
about 42 dynes/an.'nie treated filni b precoated on 
both sides with 0.1 wt% poly(ethyleneImIne), the 
9bave-identited BASF-Wyandotte Corporation Poly- 
mln P product The film is air-dried at lOO^'G. This 
cabling weight is too low to bo fnooduiod, but Is cal- 
culed to tie in the range of 0.002 grants psrm^. This 
primer coated treated substrafe is then ooeAed on one 
fiida witfi an aciylaEB ooatrng to a coating weight of 
about 1 .0 g/n^. This aoylate coating was an aqueous 
anutioniacal solution of terpoCymer latex r^uhing 
Irom the polymerisation of about 5Q% by weight of 
methyl methaoylafe, about 40% by weight of methyl 
aoylate. and about 4% by weight of methacrylioacid. 

- The opposite suilace of this film structure was coated 
vrith the abovendentified solution of 
poly(^ylalcohQl)t cioss-iinklng agent and catalysL 
Tin solution was applied utSiang a reveree direct 
gravure ooatsr and the coated film was passed 
through a dry-air oven at from 100-125*^ Thb pro- 
duced a coating weight of aa g^mi^. 

The dried fim is then tested hi an oxygen-per-* 
meability device in which a stream of dry cxyg^ 
passed tharought an aqueous salt sofution-penneated 
pad to control the gas moisture content and then 
through the fQm, disposed at right angiee bo the 
stream, wtth the □nas94jnked paly(vinyIalcohol} coat* 
Ing upsheam. the o^^gen trensmltiisd was det^ 
mined and the amount of QSQ^an passed per unit area 
of film per time period is calculated. Employing the 
described structure Only 0. 62 cc of o^^en/mi^day at 
50% relative humldl^ Is fransmitted. This is superior 
to any other known polymeriasystem for inhrbifa'ng the 
transmission of ox^en through a padcaglng typefim. 

The cix»s8<linIC9d pdy^/inylaloohol) coated fUm 
described above is Intended to be adhesively lami- 
nated to either oriCTted or unoriented oommeniially 
available thermoplastic films such as tiomopolymer 
polypropylene Urn, polypropylene wiBi coated layers, 
polypropylene with slip adcfifives, polypropylene with 
coextruded layeis, opaque polypropylene, 
polyelhyieoe, r^on, poiyettiyfene terephthalate, 
polycarbonate, polystyrene, etc. A particulaily prefisr- 
red dass of films are the potyoteflns. TTie oxygen 
transmidaron rate was determined after lammaUon 
with 25 micron acrylic coated biamany oifenfed polyp- 
ropylene fDrrL Only 0.46 cc of oxygen per m^ per day 
atS0% lelafive humidi^, 0. 69ccaf os^gen permit per 
day at 75?^ relative humidi^ and 5.81 cc of co^en 
per per day at 1 00% relative humidity ere tiansmit- 
ted through this lamlnatloru Unexpectedly, ths is 



' 6' 

superior to any other known polymerio strucbir'S for 
inhib&'ng the transmissian of oxygen, even at r\ shifh^ 
humklitie&.ovar 50%^ The bond strerigQl wa$ fo iJiid tp. • 
'beexGeDent»about20Og/cm.'''-. !. ' ' 

5 

Cialrns 

1. A film combinaGan which oomprisee a polymeric 
substrate susceptible of transmitting oxyg b at 
least one side thereof having been treateiJ to a 
surfetoe free enei^ of at least aboi^ 3$ 
dynes/cm, that side having a primer ccatlr g the- 
reon: and. on the prbner coating, an oa^gen trans- 

iff mission inhibiting layer comprising a crosS'liiited 
riolytvinylalcohol). 

2. Afilm co m b i n a tion aoQQidin9todBim1wfaer.dll the 
oubsfanste comprised an oriented homopoly} or 

20 cQpolyms-ofpropytena. 

3. A tDm combination according to claim 1 or : t vhe- 
rein the poiy(vinylalcohol) is cfoss4iiid«ed viiilh an 
aoid oal^lyzBd crosa-linldng agertt 

95 

4m A film comtnnafion acooidlng to ariy pre4:eding 
da^ wheraln one side of the ^m has a heriteeal 
layer tilieieon. 

so 5. A fSm combinafion according to any pieireding 
claim where^ both sides of the film have oios^ 
linked poly(vir^1cohol) tiiereon. 

6, A film GDiiknnatian according to any prGi:ading 
3S dabn wher^n the prvner oompiises 
poiy(ethyleneimifie) or the reaction producL^tf an 
epoo^ resiri with an addified andno ethQuylafad 
vinyl polymer. 

40 7- Afnm combinafion wherein the substrata in Ji jdes 
a coeaetruded propylene-ethylene oDpi«I|/mer 
layer on at least one aide thereof. 

8, A fOm eombinatian according to dalm 7 w lusreln 
4S the propylene-ett^ene copolymer is randc n-i and 
(he ethylene Is present in a minor propoit&:ii'i. 

g. AproGBSs for the preparation cf alow o^^er I tians- 
missivefilm combination, ^ich process oomi^iises; 
60 (a) providing a polymeric sobsnata filn- ; 

(b) treating at least one surfiace thereo as 
to have a surfiace firee energy of at Isisist 35 
dynes/cm; 

applying a p^er coating to at least one cf 
SS the frealBd surfaces; and 

(d) applying a polyCvinyt&lcohal) and cruss- 
I'u^ng means compo^on to at leait one 
primed suifEicai 
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